Background: Buttock augmentation with fat transfer has become increasingly popular, with many patients seeking high-volume augmentations. Consensus is lacking as to the safe upper-limit of fat that can be transferred. Concern for risks such as fat necrosis and fat embolism may lead surgeons to limit the amount of fat to place. However, it is unclear if volume alone is associated with these complications. The author evaluated the outcomes of high-volume fat transfer. Objectives: The author sought to evaluate the safety and efficacy of high-volume buttock fat transfer. Methods: A retrospective case review of all buttock fat transfers performed between 2014 and 2016 involving placement of 1000 mL or more per buttock was undertaken. Patients were monitored clinically and evaluated for their subjective assessment of satisfaction. Results: A total of 137 patients were identified. A mean of 1331 mL of fat was placed in each buttock (range, 1000-1890 mL) and the mean age was 35.3 years (range, 19-56 years). One hundred eighteen patients (86.1%) were satisfied with their result. None complained of the buttocks having been made too large. Nineteen patients (13.9%) wanted the buttocks made larger. Eight patients underwent an additional fat transfer procedure. Twelve patients (8.8%) had minor cosmetic issues following surgery. Another 10 patients (7.3%) had minor medical complications. No patient suffered major complications such as fat embolism, venous thromboembolism, infection, or skin loss. Conclusions: High-volume buttock fat transfer is safe and effective in increasing the buttock volume. Complication rates appear to be low with careful surgical technique. No serious complications were noted in this case series.
Buttock augmentation is a commonly sought cosmetic surgical procedure. Of implant and tissue-based options, fat transfer to the buttocks has increased in popularity over the past several years. The procedure was first reported in 1986 and has become a mainstay of surgical body-contouring procedures. 1 High-volume fat transfer has recently been sought by more patients, perhaps due to the influence of contemporary celebrities and social media in popular culture. Patients may request buttock fat transfer to address small contour depressions or to restore buttock volume lost due to aging. Other patients seek more augmentation to notably increase overall buttock volume. Along with the increased popularity of buttock fat transfer has come increased media attention to reports of serious complications and deaths associated with this procedure.
Noting increased attention in the media to patient deaths related to buttock fat transfer procedures and considering the increasing popularity of these procedures, a recent ASERF task force review evaluated mortality associated with gluteal fat grafting. 2 This survey-based report identified a number of factors possibly associated with fat transfer mortality, including injection into the deep musculature. Recommendations including avoidance of injection into the Dr Pane is a plastic surgeon in private practice in Palm Beach Gardens and Miami, FL. deep musculature were presented. Although the report did not find injection volume to be related to fat transfer deaths, there is limited research regarding the volume of fat as a factor related to deaths or other perioperative complications.
Buttock fat transfer is an extension of liposuction and thus all risks of liposuction are present. Additional risks more specific for fat transfer are also present, including nerve compression, pulmonary embolism, fat embolism, and death. These complications may be technique dependent, and there are little data regarding the safety and efficacy of high-volume transfer procedures.
Because a subset of patients request high-volume buttock augmentations and it is unclear if placing a large fat volume is more likely to produce adverse events, it is prudent to examine practice experience and outcomes in high-volume procedures.
We present a case series involving transfer of 1000 mL of fat or more per buttock with a high degree of patient satisfaction and without significant complications.
METHODS
A high-volume fat transfer was defined as one involving placement of at least 1000 mL of supernatant fat per buttock. All buttock fat transfer procedures performed by a single surgeon over a 36-month period (January 2014 through December 2016) involving placement of at least 1000 mL of fat per buttock were reviewed. A total of 137 patients were identified. IRB approval was not obtained as the study was retrospective in nature. The study was conducted in a manner consistent with the guiding principles defined by the World Medical Association Declaration of Helsinki.
Liposuction was performed using standard techniques under general anesthesia. Wetting solution containing 1 mL of epinephrine 1:1000 per liter was used. Fat was collected into a sterile closed system with antibiotics (clindamycin 300 mg, gentamycin 80 mg) added to the aspirate. Fat was removed using 4-and 3-mm cannulas in most cases, without the aid of laser, ultrasound, or other energy technology. Some cases were performed with the aid of a power-assisted liposuction device (MicroAire), others without. Fat was extracted until the character of the aspirate changed, signaling the endpoint of the procedure, or when the 4000-mL limit mandated by the state of Florida for liposuction in an office setting was reached, whichever occurred first.
The aqueous portion of the aspirate was removed. The fat was not strained, rinsed or otherwise manipulated. Fat was transferred to 60-mL syringes for re-injection. A straight, 4-mm, blunt-tip, single-holed cannula was used to place the fat. The cannula was most commonly angled upwards. The amount of fat placed depended on the patient's expressed desires, the amount of fat available, and the compliance of the patient's tissues. Fat was not placed beyond the point that the buttock skin became tense.
Fat was transferred to the central, lateral, and inferior buttock zones and was placed above the musculature in all cases. Avoidance of muscle injection was confirmed by keeping the cannula superficial and monitoring cannula tip position with the nondominant hand. Three injection access incisions-one at the top of the natal cleft and two at the low lateral infragluteal folds-were used to place the fat. The cannula was advanced in the subcutaneous space, tangential to the general buttock curvature, without ever allowing the tip to penetrate deeply toward the muscle fascia. In this manner, fat injections can be confined to the subcutaneous space. No blood autotransfusions were given. Patients were placed in first-stage liposuction compression garments immediately after surgery. No drains were used. Patients were given parenteral antibiotics immediately prior to surgery, and oral antibiotics were continued for 5 days postoperatively. Standard postoperative liposuction care instructions were provided, and patients were advised not to sit or lie on the buttocks for at least 7 days. Patients were encouraged to massage all liposuctioned areas, either at home or with the aid of massage therapists experienced in post-liposuction care.
Patients were monitored for any postoperative problems and were questioned as to how they liked their results. Preoperative and postoperative digital SLR photographs (Nikon D7000, 50-mm lens) were taken by the operative surgeon using standard photographic techniques.
Patients were followed for as long as reasonably possible given the practice environment. The longest follow-up for a patient in the study was 26 months. It seems that the initial "volume loss" is early postoperative swelling rather than reabsorption of significant amounts of fat. Though quantitative methods of measuring and following buttock volume over time were not used, they can be considered. Patients were not noted to present later with complaints about lost volume. Rather, patients who wanted further volume enhancement would request this soon after surgery, not much later after having earlier been satisfied with the result. This indicates, but does not prove, that volume is not gradually lost with time but tends to remain stable after the early postoperative swelling has subsided.
Patients were assessed for their satisfaction at each postoperative visit. All reported instances of dissatisfaction were addressed, and patients who desired further volume augmentation were offered surgery once sufficient recovery from the initial procedure had taken place.
RESULTS
One hundred thirty-seven patients underwent high-volume buttock fat transfer (136 female, 1 male). Mean age was 35.3 years (range, 19-56 years) and mean body mass index was 30.8 kg/m 2 (range, 21.1-41 kg/m 2 ) ( Table 1) . At surgery, a mean of 5563 mL of wetting solution was used (range, 4000-7000 mL), with mean supernatant fat retrieval of 3094 mL (range, 2000-4000 mL). Mean fat transferred per buttock was 1331 mL (range, 1000-1890 mL) ( Table 2) .
One hundred-eighteen patients (86.1%) reported satisfaction with their result in terms of buttock volume achieved. No patients complained their buttocks were made too large. Nineteen patients (13.9%) wanted the buttocks made larger. Fifteen wanted the overall volume enhanced further, and 4 wanted enhancement of specific areas (lower zones, lower lateral zone). These patients had received a mean of 1357 mL per buttock (range, 1000-1680 mL). Eight of these patients underwent a second buttock fat transfer surgery with mean placement of 744 mL of fat per buttock (range, 375-1260 mL). One patient is known to have undergone a second buttock fat transfer by a different surgeon. Nine patients are not known to have undergone additional surgery (Table 3) .
Twelve patients (8.8%) had minor cosmetic complications following surgery. These included persistent buttock dimples in 2 patients, flat lower buttocks in 3 patients, sacral fullness in 1 patient, and hemosiderin skin staining in 1 patient. Five patients wanted additional liposuction, one of whom underwent a revision liposuction, another was treated with topical radiofrequency, and one underwent additional fat grafting to address lower pole buttock asymmetry (Table 4) .
Ten patients (7.3%) had minor medical complications. These included abdominal skin blisters (4 patients), buttock blisters (2 patients), abdominal seroma (2 patients), abdominal scarring (1 patient), and buttock seroma (1 patient) (Table 5) . No serious complications were encountered and no patient required hospital admission or blood transfusion. There were no known instances of venous thromboembolism, fat embolism, nerve injury, or fat necrosis.
DISCUSSION
High-volume buttock fat transfer procedures are requested by a subset of patients. It is important to review practice experience in these procedures to improve results and safety in this patient population.
In both standard and high-volume procedures, final buttock shape and volume are a function of the patient's beginning buttock shape, skin compliance, and fat available for transfer. A history of prior weight gain and loss and past pregnancies is associated with more compliant skin able to accept greater volumes of fat while enhancing the overall shape and volume. Skin compliance tends to increase with age.
The initial shape and volume of the buttocks is a major determinant of the result. In patients with larger starting buttock size and reasonable skin compliance, transfer volumes >1500 mL can be safely achieved (Supplemental Figure 1) .
In patients with relatively flat buttocks, reasonable skin compliance, and adequate fat available for transfer, good enhancement of the volume and shape can be realized (Supplemental Figure 2) . Buttock volume is long-lasting, although some believe volume loss occurs with time. This apparent fat absorption may in fact be resolution of postoperative swelling. In the early postoperative period, swelling is maximal, though based on clinical observation the volume present at approximately 4 weeks does not appreciably decrease. The grafted buttocks, which feel firm to the touch initially, soften to normal consistency in 3 to 4 weeks in most cases. Although quantitative methods of measuring and monitoring buttock volume were not used, patients were not noted to complain about a loss of volume over time (Figures 1 and 2 ).
The management of buttock dimples is challenging. In this study, patients were not specifically treated with subcision and grafting, though that can be performed when patients present with dimples and seek improvement. Standard fat transfer techniques will improve most buttock dimples by increasing buttock volume, but dimples seldom resolve completely (Supplemental Figure 3) . transfer. Each option has its advantages and drawbacks, but fat transfer is more suitable for patients seeking large augmentations. Despite the popularity of buttock fat transfer, the safety of this procedure when performed in high volumes remains to be established. This case series shows reliable, low-complication outcomes with placement of ≥1000 mL of fat in each buttock. Buttock augmentation with silicone implants does not provide as natural a feel as fat and requires a more noticeable scar to place. As noted, silicone implants are not available in high-volume sizes compared with what can be achieved using autologous fat. They are associated with complications such as infection and extrusion, which can occur soon or long after the procedure. Implants cause a modest degree of gluteal muscle atrophy. 3 They can be subject to malposition or contracture and can be associated with prolonged discomfort. Despite these potential problems, silicone implants have some advantages as an option for buttock augmentation compared with fat transfer. Implants are not associated with fat embolism, and they are suitable for achieving augmentation in patients lacking sufficient fat for transfer or in patients unwilling to undergo liposuction. Attempts have been made to optimize various techniques and note anatomic details to reduce complications associated with implant procedures. [4] [5] [6] [7] Buttock augmentation via liposuction and fat transfer uses small incisions and allows for simultaneous body contouring. Fat transfer can achieve high-volume buttock augmentation and can be used to improve skin irregularities such as contour depressions and cellulite. Fat grafting can be performed along with buttock implants, though such combination procedures are not the subject of this investigation.
Liposuction and fat grafting involve the risks associated with liposuction and more serious potential complications associated with fat transfer. 8 Although fat embolism is the most dreaded complication associated with fat transferand can be fatal despite maximal treatment efforts-other serious risks exist, including infection. Fatal sepsis has been reported associated with fat transfer. 9 Although opinions vary, many surgeons feel that fat transfer offers significant advantages over buttock implant procedures despite the small risk of fat embolism. 10 There is limited information in the surgical literature regarding the safety of buttock fat transfer surgery in general and high-volume fat transfer in particular. A 2017 report by ASERF evaluated safety issues in fat transfer surgery and made several recommendations. The report did not identify fat volume as a risk factor for fat embolism or other complications.
Only a few case-series reports in the literature focus on buttock augmentation via fat transfer. One series of 106 patients noted patient satisfaction rates of over 97% with no medical complications. 11 Although an excellent report, the patients in that series differed substantially from those presented here, notably with lower mean BMI (24.8 kg/m 2 ; range, 19-31.6 kg/m 2 vs 30.8 kg/m 2 ; range, 21.1-41.0 kg/ m 2 ) and mean volume grafted (505 mL; range, 180-840 mL vs 1331 mL; range, 1000-1890 mL). The current series consists of more patients, with a 24% higher mean BMI and 163% greater mean amount of fat transferred, all with a low rate of minor complications, no major complications, and an 86% patient satisfaction rate.
Another series reported objectively on the amount of buttock fat retained after injection, albeit in fewer patients and involving smaller volumes of fat. The author found 66% fat retention in 25 patients who received a mean 287 mL (range, 70-550 mL) of fat injected. 12 The author has not noted an increase in total complications or major complications with high-volume fat transfer procedures and thus chose to report his experience with high-volume fat transfer procedures to add to the body of information regarding this subject.
The author arbitrarily defined a high-volume fat transfer as one with placement of at least 1000 mL per buttock. In 137 cases from a single-surgeon experience, no serious complications were encountered. Supernatant fat removal in this series ranged from 2000 to 4000 mL per case. The author complies with the Florida state regulations that limit supernatant fat removal to 4000 mL when liposuction is performed in an office setting.
The cases in this series involved mean placement of 1331 mL of fat per buttock (range, 1000-1890 mL). It is noted that with transfer of this amount of fat per buttock, almost 14% of patients wanted even greater enhancement, yet no patient complained that their buttocks were made too large. The author relied on subjective assessments of patient satisfaction with the procedure and did not use objective scoring systems for assessing the outcomes.
High-volume liposuction without fat transfer has been studied. A report by Saleh et al demonstrated good results in 60 patients with an average total aspirate volume of 6000 mL. There were minor complications in up to 20% of patients and no major complications. It is notable that mean wetting solution used was only 3000 mL, which may be partly responsible for the 10% incidence of garment-related pressure sores. 13 The results of the present study compare favorably to these results, and the lower incidence of minor complications may be due to infusing more wetting solution than the total volume of aspirate removed.
Liposuction without fat transfer has been reported to be associated with fat embolism. 14 Although this can be seen, general clinical experience indicates the risk of this complication to be lower than that of fat embolism during a fat transfer. Most liposuction-related fat emboli are likely subclinical.
The role of liposuction and the risk of intravascular fat emboli has been examined using a rat model. 15 It was demonstrated that there was an increase in intravascular and end-organ fat emboli with liposuction compared with the control group. It stands to reason that this applies in humans.
Fatal fat embolism has been reported with fat transfer to the penis, which presumably involved a much lower transfer volume than seen with buttock fat transfer. 16 It is not known if this was due to macroemboli into a large vein or due to pretraumatized tissue because the patient underwent another procedure at the time of fat transfer. Regardless, the injection of a relatively small volume into a large enough vascular space may be sufficient to cause clinically significant embolism.
Liposuction can be reasonably said to carry a small risk of fat embolism, with the risk greater in combination with any fat transfer, and greater still with fat transfer into the deep musculature, due to the proximity of large veins capable of taking in a large bolus of fat. Other authors have advised against injection of fat into the gluteal musculature. 17 The veins of the subcutaneous space are significantly smaller than those in the deep musculature and less prone to accept a large bolus of fat. Although many fat microemboli can theoretically occur with subcutaneous-plane fat injection, a fat macroembolus is unlikely when fat is placed into this plane. It has been suggested that subcutaneous varicosities around the sciatic notch can potentially result in fat macroembilization, 18 so it is prudent to make sure patients do not have obvious enlarged subcutaneous veins in the area of fat injection.
Injection into the deep muscular plane exposes the fat to larger volume veins capable of accepting clinically significant boluses of fat. 19 Fat may enter these veins either through direct trauma or because of increased pressure. Placing large volumes of fat naturally increases the pressure and likely the risk of fat embolism with muscular-plane fat injections. Fat injected into too deep a plane can increase pressure on other structures such as the sciatic nerve and its branches. Some surgeons may believe that placement of fat into the muscle is associated with increased longevity of the graft or results in lower rates of fat necrosis or other complications. However, there are no data to support these conclusions. Fat is routinely transferred to other sites (face, breasts, and into the subcutaneous tissue to address contour defects) where injection into muscle is not practical. Fat grafts have good longevity when placed into these locations, and there is little reason to believe that transfer into the subcutaneous space of the buttocks is any different.
The current study is limited by its retrospective nature and lack of detailed follow-up of all patients-often due to geographic factors-as well as the lack of a quantitative assessment of buttock volume and patient satisfaction.
Despite the limitations of a case series, it is inappropriate to address the question of the proper plane for buttock fat grafting with a randomized controlled trial. In addition, it is not clear that all known cases of fat transfer-related fat emboli were due to placement into the muscular plane. For various reasons, operative notes or a surgeon's recollection of the procedure may not be accurate. It is also possible that fat can be unintentionally injected into an unintended plane if the cannula depth is misjudged, though this may not be apparent, especially when performed by an inexperienced operator. The author utilized a straight injection cannula in all cases for this series. Care was taken to properly angle the cannula to avoid injection into muscle. The cannula is stiff and not susceptible to being bent and thus is unlikely to accidentally enter a deep plane if appropriate care is taken during injection. Although angled cannulas were not used, it is reasonable to consider these devices that may allow for easier placement of the cannula tip and a more ergonomic experience for the operator injecting the fat.
CONCLUSIONS
Buttock augmentation is an increasingly popular cosmetic surgery procedure. Of the various options for enlarging the buttocks, fat transfer offers unique advantages compared with buttock implants, including the ability to place high volumes. One concern regarding fat transfer is the risk of serious complications and death, mostly related to fat embolism. With a reported risk as high as 1:2351, some have raised the question of whether the procedure should be offered at all. 20 Although a valid concern, it is likely that fatal outcomes are mostly due to improper technique. Hopefully, with better education and experience and adherence to proper technique, fat transfer-even in high volumes-can be performed safely and effectively. It is noted that other authors have found that despite the risks, this procedure can be done in large numbers of patients without reported mortality. 21 As a subset of patients seek high-volume buttock augmentation, it is imperative that the procedure be conducted safely and effectively. High-volume fat transfer can be performed without significant complications as demonstrated in this case series.
Keys to the safety of the procedure appear to be placement of fat into the subcutaneous tissue plane and avoidance of intramuscular injection. Using blunt-tip cannulas and angling the cannula hole upwards or using angled injection cannulas may also be helpful. Although a substantial amount of fat can be placed in many cases, it is prudent to avoid placing fat beyond the compliance of the tissues.
Further research with even larger case series will be helpful in evaluating the validity of this conclusion, because the series size is too small to conclude that the risk of fat embolism is eliminated by adhering to these operative methods. Despite this, it seems likely that the risk of fat embolism is substantially diminished by adhering to the procedural details described in this report, which agree with the recommendations from other sources. This study adds to the knowledge base by demonstrating that it is possible to safely perform large-volume buttock fat grafting by adhering to the principles outlined here as well as those detailed by the ASAPS taskforce. These include the use of a blunt-tip injection cannula of at least 4-mm diameter, injecting only into the subcutaneous space and never into the muscle, angling the hole of the cannula upwards, and injecting slowly with the cannula in motion. Although randomized clinical trials to address the safety of subcutaneous vs muscular-plane fat placement are not practical, this case-series report shows that high-volume buttock fat transfer into the subcutaneous plane can be performed safely and effectively with an acceptably low complication rate.
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